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1.0 INTRODUCTION  1794 
 1795 
On November 1, 2004, NICEATM released draft BRDs on the current status of four in vitro 1796 
test methods for detecting ocular corrosives and severe irritants (see 1797 
http://iccvam.niehs.nih.gov/methods/ocudocs/ocu_brd.htm).  The test methods reviewed 1798 
were the BCOP, the HET-CAM, the IRE, and the ICE assays.  On January 11-12, 2005, 1799 
ICCVAM convened an Expert Panel to independently evaluate the validation status of the 1800 
four in vitro test methods for identifying ocular corrosives or severe irritants.  The Expert 1801 
Panel Report, Evaluation of the Current Validation Status of In Vitro Test Methods for 1802 
Identifying Ocular Corrosives and Severe Irritants, can be obtained by contacting 1803 
NICEATM or electronically from http://iccvam.niehs.nih.gov/methods/eyeirrit.htm.  Public 1804 
comments at the meeting revealed that additional data could be made available that had not 1805 
yet been provided in response to earlier requests for data.  The Expert Panel subsequently 1806 
recommended that the additional data be requested and that a reanalysis of the accuracy and 1807 
reliability of each test method be conducted, to the extent possible. 1808 
 1809 
In response to this recommendation, a second FR notice was published on February 28, 2005 1810 
(FR Vol. 70, No. 38, pp. 9661-9662; http://iccvam.niehs.nih.gov/methods/eyeirrit.htm) 1811 
requesting all available in vitro data on these four in vitro ocular irritancy test methods and 1812 
corresponding in vivo rabbit eye test method data, as well as any human exposure data (either 1813 
via ethical human studies or accidental exposure).  The first FR notice requesting these data 1814 
had been published on March 24, 2004 (FR Vol. 69, No. 57, pp. 13859-13861; 1815 
http://iccvam.niehs.nih.gov/methods/eyeirrit.htm).  Also, a request for relevant data was re-1816 
sent directly to the primary developers or users of each test method, and sent to other 1817 
scientists who participated in or attended the Expert Panel Meeting on January 11-12, 2005 1818 
and who had indicated a desire to provide additional data.  No human exposure data was 1819 
obtained for the substances evaluated in the BCOP test method, and therefore no calculations 1820 
could be made on the accuracy of the BCOP test method for predicting human severe ocular 1821 
irritancy.  1822 
 1823 
Other factors also necessitated a reanalysis of the accuracy of BCOP for detecting ocular 1824 
corrosives and severe irritants.  First, clarification regarding the rules for classification of 1825 
severe irritants was obtained subsequent to the release of the four BRDs that resulted in 1826 
changes to the hazard classification of some of the substances used in the original analysis.  1827 
For the original analysis, reversibility of ocular effects for all EU (EU [2001]) and GHS ([UN 1828 
2003]) hazard classification systems was considered to be achieved if, by post-exposure day 1829 
21, the endpoint scores fell below the threshold that resulted in a test substance being 1830 
classified as a severe irritant.  The new information obtained indicated that reversibility of 1831 
ocular effects is achieved only when all scores reach zero by post-exposure day 21.  This 1832 
change resulted in a small number of substances previously classified as non-severe irritants 1833 
now being classified as severe irritants. 1834 
 1835 
Second, the chemical classes assigned to each test substance were revised to reflect a 1836 
standardized classification scheme (based on MeSH; [http://www.nlm.nih.gov/mesh]) that 1837 
would ensure consistency in classifying substances among all in vitro ocular test methods 1838 
under consideration.  This resulted in some chemicals being re-classified into other chemical 1839 

http://iccvam.niehs.nih.gov/methods/ocudocs/ocu_brd.htm
http://iccvam.niehs.nih.gov/methods/eyeirrit.htm
http://iccvam.niehs.nih.gov/methods/eyeirrit.htm
http://iccvam.niehs.nih.gov/methods/eyeirrit.htm
http://www.nlm.nih.gov/mesh
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classes.  The accuracy of the BCOP test method, by chemical class and using the GHS 1840 
classification system (UN [2003]), has been reanalyzed to reflect these changes. 1841 
 1842 
Finally, an additional accuracy analysis was conducted.  In this analysis, the accuracy of each 1843 
in vitro ocular irritancy test method for detecting ocular corrosives or severe irritants, 1844 
depending on whether the classification was based on the severity of the response and/or its 1845 
persistence to day 21 post-treatment, was determined. 1846 
 1847 
For the BCOP test method, the changes to the existing database that resulted from using the 1848 
appropriate persistence classification criteria and any new data and/or information received 1849 
subsequent to the release of the draft BRD are summarized in Table III-1.  At the Expert 1850 
Panel meeting, the in vivo rabbit eye test data that corresponded to the substances tested in 1851 
BCOP in the Gautheron et al. (1994) study were received from Johnson & Johnson 1852 
Pharmaceutical R&D.  Individual cornea data from the BCOP tests evaluating these 52 1853 
substances also were provided subsequent to the meeting.  Johnson & Johnson 1854 
Pharmaceutical R&D also provided individual cornea data for 20 substances evaluated in the 1855 
BCOP test method, comparing results achieved using corneas from adult animals (>24 1856 
months) versus those from young animals (6 - 8 months).  The efforts of Drs. Freddy Van 1857 
Goethem and Philippe Vanparys that provided this additional data are gratefully 1858 
acknowledged. 1859 
 1860 
2.0 ACCURACY OF THE BCOP TEST METHOD – REANLYSIS  1861 
 1862 
The ability of the BCOP test method to correctly identify ocular corrosives and severe 1863 
irritants, as defined by the GHS, EPA, and EU classification systems (EPA [1996]; EU 1864 
[2001]; UN [2003])1, was evaluated.  The three regulatory ocular hazard classification 1865 
systems considered during this analysis use different classification systems and decision 1866 
criteria to identify ocular corrosives and severe irritants based on in vivo rabbit eye test 1867 
results.  All three classification systems are based on individual animal data in terms of the 1868 
magnitude of the response and on the extent to which induced ocular lesions fail to reverse 1869 
by day 21.  However, there are differences among the three classifications systems with 1870 
regard to the criteria used by NICEATM for distinguishing between a severe and a nonsevere 1871 
response (See Appendix A).  Thus, to evaluate the accuracy of the HET-CAM test method 1872 
for identifying ocular corrosives and severe irritants, individual rabbit data collected at the 1873 
different observation times was needed for each substance.   1874 
 1875 
The ability of the BCOP test method to correctly identify ocular corrosives and severe 1876 
irritants, as defined by the GHS, EPA, and EU classification systems (EPA [1996]; EU 1877 
[2001]; UN [2003]), was evaluated using two approaches.  In the first approach, the accuracy 1878 
of BCOP was assessed separately for each in vitro-in vivo comparative study (i.e., 1879 
publication) reviewed in Sections 4.0 and 5.0 of the draft BCOP BRD.  In the second 1880 
approach, an overall analysis of BCOP test method accuracy was conducted by combining  1881 

                                                
1 For the purposes of this analysis, an ocular corrosive or severe irritant was defined as a substance that would 
be classified as Category 1 according to the GHS classification system (UN [2003]), as Category I according to 
the EPA classification system (EPA [1996]), or as R41 according to the EU classification system (EU [2001]). 
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Table III-1.  Summary of BCOP Database Changes  1882 
 1883 

Number of Acceptable Substances by Ocular 
Irritancy Classification System 

EPA1  EU2  GHS3  Data Source Data
Base 

Number of 
Available 

Substances  
Cat4 I/Total5 R41/Total Cat 1/Total 

Comments 

New6 51 7/48 7/48 7/47 
Gautheron (1994) 

Old6 51 6/12 8/51 7/13 

Additional in vivo animal data were 
received subsequent to the original analysis 
that allowed for classification according to 
all three classification systems. 

New  59 18/53 19/50 22/54 
Balls et al. (1995) 

Old  59 20/55 21/59 22/57 

The decrease in the total number of usable 
substances is due to excluding substances 
from consideration due to insufficient in 
vivo rabbit eye test data for classification 
(See Appendix A). 

New 20 6/8 6/9 6/8 

Swanson et al. (1995) 

Old 20 6/9 5/9 6/9 

The decrease in the total number of usable 
substances is due to excluding substances 
from consideration due to insufficient in 
vivo rabbit eye test data for classification 
(See Appendix A).  The increase in the 
number of corrosive/severe irritants is due 
to the reclassification of substances. 

New 97 27/56 25/54 27/55 

Casterton (1996) 

Old 97 26/55 24/60 26/56 

The decrease in the total number of usable 
substances is due to excluding substances 
from consideration due to insufficient in 
vivo rabbit eye test data for classification 
(See Appendix A).  The increase in the 
number of corrosive/severe irritants is due 
to the reclassification of substances. 

New 25 10/25 8/23 8/23 
Gettings (1996) 

Old 25 10/25 6/25 8/25 

The decrease in the total number of usable 
substances is due to excluding substances 
from consideration due to insufficient in 
vivo rabbit eye test data for classification 
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Number of Acceptable Substances by Ocular 
Irritancy Classification System 

EPA1  EU2  GHS3  Data Source Data
Base 

Number of 
Available 

Substances  
Cat4 I/Total5 R41/Total Cat 1/Total 

Comments 

 (See Appendix A).  The increase in the 
number of corrosive/severe irritants is due 
to the reclassification of substances. 

New 16 5/14 6/14 7/15 

Southee (1998) 

Old 16 6/14 5/15 6/14 

The decrease in the total number of usable 
substances is due to excluding substances 
from consideration due to insufficient in 
vivo rabbit eye test data for classification 
(See Appendix A).  The change in the 
number of corrosive/severe irritants is due 
to the reclassification of substances. 

New 13 4/9 1/9 1/9 Swanson and Harbell 
(2000) Old 13 4/9 1/9 1/9  

New 16 1/13 3/13 3/14 

Bailey (2004) 
Old 16 3/16 3/16 3/16 

The decrease in the total number of usable 
substances is due to excluding substances 
from consideration due to insufficient in 
vivo rabbit eye test data for classification 
(See Appendix A).  The change in the 
number of corrosive/severe irritants is due 
to the reclassification of substances. 

1EPA = U.S. Environmental Protection Agency (EPA [1996]). 1884 
2EU = European Union (EU [2001]). 1885 
3GHS = Globally Harmonized System (UN [2003]). 1886 
4Cat = Category. 1887 
5First number (before forward slash) refers to the number of substances in each study that were classified as a severe irritant according to each classification 1888 
system (EPA, EU, and GHS).  The second number (after the forward slash) refers to the number of substances in were classified, based on animal data, for each 1889 
classification system (EPA, EU, GHS). 1890 
6New = accuracy statistics based on revised analysis; New = accuracy statistics based on the previous analysis included in the draft BCOP BRD. 1891 
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results from each study, and then assigning an overall ocular irritancy classification for each 1892 
substance.  When the same substance was evaluated in multiple laboratories, the overall 1893 
BCOP ocular irritancy classification was based on the majority of calls among all of the 1894 
studies.  When there was an even number of different irritancy classifications for substances 1895 
(e.g., two tests classified a substance as a nonsevere irritant and two tests classified a 1896 
substance as a severe irritant), the more severe irritancy classification was used for the 1897 
overall classification for the substance (severe irritant, in this case).   1898 
 1899 
Based on the revisions made to the BCOP test method database, a revised accuracy analysis 1900 
has been conducted.  The calculations were performed as described previously in Section 6.0 1901 
of the draft BRD.  To allow for a comparison of the results obtained in the revised analysis 1902 
relative to those obtained previously, the data tables below include accuracy statistics from 1903 
both analyses.  However, the discussion of the results in the sections that follow relate to the 1904 
revised analysis only. 1905 
 1906 
2.1 GHS Ocular Hazard Classification System  1907 
 1908 
The eight studies (Gautheron et al. [1994]; Balls et al. [1995]; Swanson et al. [1995]; 1909 
Casterton et al. [1996]; Gettings et al. [1996]; Southee [1998]; Swanson and Harbell [2000]; 1910 
Bailey et al. [2004]) contained BCOP test data on 203 substances, 161 of which had 1911 
sufficient in vivo data to be assigned an ocular irritancy classification as defined by the GHS 1912 
classification system (UN [2003])2 (see Appendix III-A).  Based on results from in vivo 1913 
rabbit eye experiments, 533 of the 161 substances were classified as severe irritants (i.e., 1914 
Category 1), the other 108 substances were classified as nonsevere irritants (either Category 1915 
2A, 2B) or nonirritants.  The 42 substances that could not be classified according to the GHS 1916 
classification system due to the lack of adequate animal data are so noted in Appendix III-A. 1917 
 1918 
Based on the data provided in the eight studies, and when results across multiply tested 1919 
substances were combined to generate a single consensus call per test substance, the BCOP 1920 
test method has an accuracy of 70% to 93%, a sensitivity of 57% to 100%, a specificity of 1921 
66% to 100%, a false positive rate of 0% to 34%, and a false negative rate of 0% to 52% 1922 
(Table III-2).   1923 
 1924 
In terms of an overall accuracy analysis, combining the data from Gautheron et al. (1994), 1925 
Balls et al. (1995), Swanson et al. (1995), Gettings et al. (1996), Southee (1998), Swanson 1926 
and Harbell (2000), and Bailey et al. (2004), the BCOP test method has an accuracy of 81% 1927 
(119/147), a sensitivity of 84% (36/43), a specificity of 80% (83/104), a false positive rate of 1928 
20% (21/104), and a false negative rate of 16% (7/43).  The performance characteristics for 1929 
the pooled studies are provided in Table III-2.  Similar to the original accuracy analysis, data 1930 
from Casterton et al. (1996) were not included in the overall accuracy analysis since the  1931 
                                                
2 For the purpose of this accuracy analysis, in vivo rabbit study results were used to identify GHS Category 1 
irritants (i.e., severe irritants); substances classified as GHS Category 2A and 2B irritants were identified as 
nonsevere irritants. 
3 One chemical (benzalkonium chloride, 1%) was tested in vivo twice in the same laboratory.  The results were 
discordant with respect to GHS classification.  According to one test, the classification was Category 1, while 
results from the other test yielded a Category 2A classification.  The accuracy analysis was performed with the 
substance classified as Category 1. 
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Table III-2. Evaluation of the Performance of the BCOP Test Method In Predicting Ocular Corrosives and Severe Irritants 1932 
Compared to the In Vivo Rabbit Eye Test Method, as Defined by the GHS1 Classification System, by Study and 1933 
Overall 1934 

 1935 

Accuracy Sensitivity Specificity Positive 
Predictivity 

Negative 
Predictivity 

False  
Positive  

Rate 

False 
Negative 

Rate Data Source Anal.2 N3 

% No.4 % No. % No. % No. % No. % No. % No. 
Gautheron  
et al. 1994  
(new)5 

IVIS 47/52 746 35/47 71 5/7 75 30/40 33 5/15 94 30/32 25 11/40 29 2/7 

Gautheron  
et al. 1994  
(old)5 

IVIS 13/52 776 10/13 71 5/7 83 5/6 83 5/6 71 5/7 17 1/6 29 2/7 

Balls et al.  
1995 (new)7 IVIS 54/59 706 38/54 77 17/22 66 21/32 61 17/28 81 21/26 34 11/32 23 5/22 

Balls et al.  
1995 (old) IVIS 57/59 706 40/57 77 17/22 66 23/35 59 17/29 82 23/28 34 12/35 23 5/22 

Swanson  
et al. 1995 (new) IVIS 8/20 100 8/8 100 6/6 100 2/2 100 6/6 100 2/2 0 0/2 0 0/6 

Swanson  
et al. 1995 (old) IVIS 9/20 89 8/9 100 6/6 67 2/3 86 6/7 100 2/2 33 1/3 0 0/6 

Gettings  
et al. 1996 (new) Perm 23/25 87 20/23 75 6/8 93 14/15 86 6/7 88 14/16 7 1/15 25 2/8 

Gettings  
et al. 1996 (old) Perm 25/25 88 22/25 75 6/8 94 16/17 86 6/7 89 16/18 6 1/17 25 2/8 

Casterton  
et al. 1996 (new) O/P 55/97 67 37/55 48 13/27 86 24/48 76 13/17 63 24/38 14 4/28 52 14/27 

Casterton  
et al. 1996 (old) O/P 56/97 66 37/56 46 12/26 83 25/30 71 12/17 64 25/39 17 5/30 54 14/26 

Southee 1998 
(new) IVIS 15/16 73 11/15 57 4/7 88 7/8 80 4/5 70 7/10 12 1/8 43 3/7 

Southee 1998 
(old) IVIS 14/16 646 9/14 50 3/6 75 6/8 40 2/5 67 6/9 25 2/8 50 3/6 

Swanson & 
Harbell 2000 
(new) 

IVIS 9/13 78 7/9 100 1/1 75 6/8 33 1/3 100 6/6 25 2/8 0 0/1 

Swanson & 
Harbell 2000 
(old) 

IVIS 9/13 78 7/9 100 1/1 75 6/8 33 1/3 100 6/6 25 2/8 0 0/1 
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 1936 

1GHS = Globally Harmonized System (UN [2003]). 1937 
2Anal. = Analytical method used to transform the sample data into BCOP classification.  IVIS = In Vitro Irritancy Score developed by Gautheron et al. (1994).  1938 
Perm = Permeability value only used to classify in vitro ocular irritancy in the BCOP assay; an OD490 value >0.600 was considered a severe irritant.  O/P = 1939 
irritation class based on the endpoint (opacity or permeability) with the highest score for its respective range (Casterton et al. [1996]). 1940 
3N = Number of substances included in this analysis/the total number of substances evaluated in the study. 1941 
4Data used to calculate the percentage. 1942 
5New = accuracy statistics based on the revised analysis; Old = accuracy statistics based on the previous analysis included in the draft BCOP BRD. 1943 
6Performance calculated using the overall in vitro classification based on the majority and/or most severe classification among the multiple testing laboratories 1944 
and tests (for substances tested multiple times in a laboratory). 1945 
7The test substance 1% benzalkonium chloride was tested in two different in vivo studies, producing discordant results with respect to GHS classification; the 1946 
analysis was performed using the Category 1 classification.   1947 
8Data from Gautheron et al. (1994), Balls et al. (1995), Swanson et al. (1995), Gettings et al. (1996), Southee (1998), Swanson and Harbell (2000), and Bailey et 1948 
al. (2004) were pooled together and an overall in vitro classification was assigned for each test substance based on the majority and/or most severe classification 1949 
obtained across tests and testing laboratories.  Data from Casterton et al. (1996) were not included in this analysis since the protocol used to generate BCOP data 1950 
differed considerably from the other studies (e.g., a spectrophotometer was used to measure opacity instead of an opacitometer, and solids were applied neat 1951 
instead of as a 20% solution or suspension).     1952 

Accuracy Sensitivity Specificity Positive 
Predictivity 

Negative 
Predictivity 

False  
Positive  

Rate 

False 
Negative 

Rate Data Source Anal2 N3 

% No.4 % No. % No. % No. % No. % No. % No. 
Bailey et al.  
2004 (new) IVIS 14/16 93 13/14 67 2/3 100 11/11 100 2/2 92 11/12 0 0/11 33 1/3 

Bailey et al.  
2004 (old) IVIS 16/16 94 15/16 67 2/3 100 13/13 100 2/2 93 13/14 0 0/13 33 1/3 

Entire Data Set8 
(new)  147/203 81 119/147 84 36/43 80 83/104 63 36/57 92 83/90 20 21/104 16 7/43 

Entire Data Set 
(old)  120/200 79 95/120 76 32/42 81 63/78 69 34/49 86 61/71 19 15/78 24 10/42 
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protocol used to generate BCOP data differed considerably from the other studies (e.g., a 1953 
spectrophotometer was used to measure opacity instead of an opacitometer; solids were 1954 
applied neat instead of as a 20% solution or suspension). 1955 
 1956 
2.2 EPA Ocular Hazard Classification System  1957 
 1958 
The eight studies (Gautheron et al. [1994]; Balls et al. [1995]; Swanson et al. [1995]; 1959 
Casterton et al. [1996]; Gettings et al. [1996]; Southee [1998]; Swanson and Harbell [2000]; 1960 
Bailey et al. [2004]) contained BCOP test data on 203 substances, 160 of which had 1961 
sufficient in vivo data to be assigned an ocular irritancy classification as defined by the EPA 1962 
classification system (EPA [1996])4 (see Appendix III-A).  Based on results from in vivo 1963 
rabbit eye experiments, 50 of the 160 substances were classified as severe irritants (i.e., 1964 
Category I), the other 110 substances were classified as nonsevere irritants (either Category 1965 
II, III, or IV).  The 43 substances that could not be classified according to the EPA 1966 
classification system due to the lack of adequate animal data are so noted in Appendix III-A. 1967 
 1968 
Based on the data provided in the eight studies, and when results across multiply tested 1969 
substances were combined to generate a single consensus call per test substance, the BCOP 1970 
test method has an accuracy of 62% to 92%, a sensitivity of 0% to 100%, a specificity of 1971 
50% to 100%, a false positive rate of 0% to 50%, and a false negative rate of 0% to 100% 1972 
(Table III-3).    1973 
 1974 
In terms of an overall accuracy analysis, combining the data from Gautheron et al. (1994), 1975 
Balls et al. (1995), Swanson et al. (1995), Gettings et al. (1996), Southee (1998), Swanson 1976 
and Harbell (2000), and Bailey et al. (2004), the BCOP test method has an accuracy of 79% 1977 
(113/143), a sensitivity of 75% (30/40), a specificity of 81% (83/103), a false positive rate of 1978 
19% (20/103), and a false negative rate of 25% (10/40).  The performance characteristics for 1979 
the pooled studies are provided in Table III-3.  Data from Casterton et al. (1996) were not 1980 
included in the overall accuracy analysis since the protocol used to generate BCOP data 1981 
differed considerably from the other studies (e.g., a spectrophotometer was used to measure 1982 
opacity instead of an opacitometer; solids were applied neat instead of as a 20% solution or 1983 
suspension). 1984 
 1985 
2.3 EU Ocular Hazard Classification System  1986 
 1987 
The eight studies (Gautheron et al. [1994]; Balls et al. [1995]; Swanson et al. [1995]; 1988 
Casterton et al. [1996]; Gettings et al. [1996]; Southee [1998]; Swanson and Harbell [2000], 1989 
and Bailey et al. [2004]) contained BCOP test data on 203 substances, 158 of which had 1990 
sufficient in vivo data to be assigned an ocular irritancy classification as defined by the EU 1991 
classification system  (EU [2001])5 (see Appendix III-A).  Based on results from in vivo  1992 

                                                
4 For the purpose of this accuracy analysis, in vivo rabbit study results were used to identify EPA Category I 
irritants (i.e., severe irritants); substances classified as EPA Category II, III, or IV were identified as nonsevere 
irritants. 
5 For the purpose of this accuracy analysis, in vivo rabbit study results were used to identify EU R41 irritants 
(i.e., severe irritants); substances classified as EU R36 or not classified were identified as nonsevere irritants. 
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Table III-3. Evaluation of the Performance of the BCOP Test Method In Predicting Ocular Corrosives and Severe 1993 
Irritants Compared to the In Vivo Rabbit Eye Test Method, as Defined by the EPA1 Classification System, 1994 
by Study and Overall 1995 

 1996 
1997 

Accuracy Sensitivity Specificity Positive 
Predictivity 

Negative 
Predictivity 

False  
Positive  

Rate 

False 
Negative 

Rate Data Source Anal.2 N3 

% No.4 % No. % No. % No. % No. % No. % No. 
Gautheron et al. 
1994 (new)5 IVIS 48/52 736 35/48 71 5/7 73 30/41 31 5/16 94 30/32 27 11/41 29 2/7 

Gautheron et al. 
1994 (old)5 IVIS 12/52 756 9/12 67 4/6 83 5/6 80 4/5 71 5/7 17 1/6 33 2/6 

Balls et al.   
1995 (new)7 IVIS 53/59 666 35/53 72 13/18 63 22/35 50 13/26 82 22/27 37 13/35 28 5/18 

Balls et al.   
1995 (old) IVIS 55/59 696 38/55 75 15/20 66 23/35 56 15/27 82 23/28 34 12/35 25 5/20 

Swanson  
et al. 1995 (new) IVIS 8/20 88 7/8 100 6/6 50 1/2 86 6/7 100 1/1 50 1/2 0 0/6 

Swanson  
et al. 1995 (old) IVIS 9/20 89 8/9 100 6/6 67 2/3 86 6/7 100 2/2 33 1/3 0 0/6 

Gettings  
et al. 1996 (new) Perm 25/25 80 20/25 60 6/10 93 14/15 86 6/7 78 14/18 7 1/15 40 4/10 

Gettings  
et al. 1996 (old) Perm 25/25 80 20/25 60 6/10 93 14/15 86 6/7 78 14/18 7 1/15 40 4/10 

Casterton  
et al. 1996 (new) O/P 56/97 62 35/56 41 11/27 83 24/49 69 11/16 60 24/40 17 5/29 59 14/27 

Casterton  
et al. 1996 (old) O/P 55/97 64 35/55 42 11/26 83 24/49 69 11/16 62 24/39 17 5/29 58 15/26 

Southee 1998 
(new) IVIS 14/16 646 9/14 40 2/5 78 7/9 50 2/4 70 7/10 22 2/9 60 3/5 

Southee 1998 
(old) IVIS 14/16 646 9/14 50 3/6 75 6/8 60 3/5 67 6/9 25 2/8 50 3/6 

Swanson & 
Harbell 2000 
(new)7 

IVIS 9/13 89 8/9 75 3/4 100 5/5 100 3/3 83 5/6 0 0/5 25 1/4 

Swanson & 
Harbell 2000 
(old) 

IVIS 9/13 89 8/9 75 3/4 100 5/5 100 3/3 83 5/6 0 0/5 25 1/4 
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 1997 

1EPA = U.S. Environmental Protection Agency (EPA [1996]). 1998 
2Anal. = Analytical method used to transform the sample data into BCOP classification.  IVIS = In Vitro Irritancy Score developed by Gautheron et al. 1999 
(1994).  Perm = Permeability value only used to classify in vitro ocular irritancy in the BCOP assay; an OD490 value >0.600 was considered a severe irritant.  2000 
O/P = irritation class based on the endpoint (opacity or permeability) with the highest score for its respective range (Casterton et al. 1996). 2001 
3N = Number of substances included in this analysis/the total number of substances in the study. 2002 
4Data used to calculate the percentage. 2003 
5New = accuracy statistics based on the revised analysis; Old = accuracy statistics based on the previous analysis included in the draft BCOP BRD. 2004 
6Performance calculated using the overall in vitro classification based on the majority and/or most severe classification among the multiple testing 2005 
laboratories and tests (for substances tested multiple times in a laboratory). 2006 
7The test substance ethanol was evaluated in two different in vivo studies (ECETOC [1998]; Swanson and Harbell [2000]), producing discordant results with 2007 
respect to EPA classification; the analysis was performed using the Category I classification.   2008 
8Data from Gautheron et al. (1994), Balls et al. (1995), Swanson et al. (1995), Gettings et al. (1996), Southee (1998), Swanson and Harbell (2000), and 2009 
Bailey et al. (2004) were pooled together and an overall in vitro classification was assigned for each test substance based on the majority and/or most severe 2010 
classification obtained across tests and testing laboratories.  Data from Casterton et al. (1996) were not included in this analysis since the protocol used to 2011 
generate BCOP data differed considerably from the other studies (e.g., a spectrophotometer was used to measure opacity instead of an opacitometer, and 2012 
solids were applied neat instead of as a 20% solution or suspension). 2013 

Accuracy Sensitivity Specificity Positive 
Predictivity 

Negative 
Predictivity 

False  
Positive  

Rate 

False 
Negative 

Rate Data Source Anal.2 N3 

% No.4 % No. % No. % No. % No. % No. % No. 
Bailey et al.  
2004 (new) IVIS 13/16 92 12/13 0 0/1 100 12/12 - 0/0 92 12/13 0 0/12 100 1/1 

Bailey et al.  
2004 (old) IVIS 16/16 94 15/16 67 2/3 100 13/13 100 2/2 93 13/14 0 0/13 33 1/3 

Entire Data Set8 
(new)  143/203 79 113/143 75 30/40 81 83/103 60 30/50 89 83/93 19 20/103 25 10/40 

Entire Data Set 
(old)  117/200 80 93/117 73 33/45 83 60/72 74 35/47 83 58/70 17 12/72 27 12/45 
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rabbit eye experiments, 49 of the 158 substances were classified as severe irritants (i.e., 2014 
Category I), the other 109 substances were classified as nonsevere irritants (either Category 2015 
R36 or not classified).  The 45 substances that could not be classified according to the EU 2016 
classification system due to the lack of adequate animal data are so noted in Appendix III-A. 2017 
 2018 
Based on the data provided in the eight studies, and when results across multiply tested 2019 
substances were combined to generate a single consensus call per test substance, the BCOP 2020 
test method has an accuracy of 68% to 92%, a sensitivity of 52% to 100%, a specificity of 2021 
64% to 100%, a false positive rate of 0% to 36%, and a false negative rate of 0% to 48% 2022 
(Table III-4).    2023 
  2024 
In terms of an overall accuracy analysis, combining the data from Gautheron et al. (1994), 2025 
Balls et al. (1995), Swanson et al. (1995), Gettings et al. (1996), Southee (1998), Swanson 2026 
and Harbell (2000), and Bailey et al. (2004), the BCOP test method has an accuracy of 80% 2027 
(114/143), a sensitivity of 82% (33/40), a specificity of 79% (81/103), a false positive rate of 2028 
21% (22/103), and a false negative rate of 18% (7/40).  The performance characteristics for 2029 
the pooled studies are provided in Table III-4.  Data from Casterton et al. (1996) were not 2030 
included in the overall accuracy analysis since the protocol used to generate BCOP data 2031 
differed considerably from the other studies (e.g., a spectrophotometer was used to measure 2032 
opacity instead of an opacitometer; solids were applied neat instead of as a 20% solution or 2033 
suspension). 2034 
 2035 
2.4 Accuracy of the BCOP Test Method for the GHS Ocular Hazard 2036 

Classification System, by Chemical Class and Property of Interest-Reanalysis 2037 
 2038 
In order to further evaluate discordant responses of the BCOP test method relative to the in 2039 
vivo hazard classification, several accuracy sub-analyses were performed.  These included 2040 
specific classes of chemicals with sufficiently robust numbers of substances (n ≥ 5), as well 2041 
as certain properties of interest considered relevant to ocular toxicity testing (e.g., pesticides, 2042 
surfactants, pH, physical form).  Because the international community will soon adopt the 2043 
GHS classification system for hazard labeling (UN [2003]), and considering that there were 2044 
only modest differences in overall BCOP test method accuracy among the three regulatory 2045 
classification systems (i.e., EPA, EU, GHS), these sub-analyses were focused only on the 2046 
GHS system.   2047 
 2048 
As indicated in Table III-5, there were some notable trends in the performance of the BCOP 2049 
test method among these subgroups of substances.  The chemical class of substances that was 2050 
most consistently overpredicted according the GHS classification system (i.e., were false 2051 
positives6) by the BCOP test method is alcohols.  Nine out the 19 overpredicted substances 2052 
were alcohols.  The remaining chemical classes represented among the overpredicted 2053 
substances were carboxylic acids (3), ketones (3), heterocyclic compounds (2), esters (1), and 2054 
hydrocarbons (1).  Among the 35 substances labeled as surfactants only 5% (1/21) were 2055 
overpredicted by the BCOP test method.  The only overpredicted surfactant was a surfactant-2056 
containing formulation.   2057 
                                                
6 False positive in this context refers to a substance that was classified as a severe ocular irritant by the BCOP 
test method, but as a nonsevere (mild or moderate) irritant or nonirritant based on in vivo data. 
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Table III-4. Evaluation of the Performance of the BCOP Test Method In Predicting Ocular Corrosives and Severe 2058 
Irritants Compared to the In Vivo Rabbit Eye Test Method, as Defined by the EU1 Classification System, by 2059 
Study and Overall 2060 

 2061 
2062 

Accuracy Sensitivity Specificity Positive 
Predictivity 

Negative 
Predictivity 

False  
Positive  

Rate 

False 
Negative 

Rate Data Source Anal.2 N3 

% No.4 % No. % No. % No. % No. % No. % No. 
Gautheron et al. 
1994 (new)5,6 IVIS 48/52 737 35/48 71 5/7 73 30/41 31 5/16 94 30/32 27 11/41 29 2/7 

Gautheron et al. 
1994 (old)5 IVIS 51/52 757 38/51 75 6/8 74 32/43 39 7/18 94 31/33 26 11/43 25 2/8 

Balls et al.  1995 
(new) IVIS 50/59 687 34/50 74 14/19 64 20/31 56 14/25 80 20/25 36 11/31 26 5/19 

Balls et al.  1995 
(old) IVIS 59/59 71 42/59 76 16/21 68 26/38 55 16/29 83 25/30 34 13/38 24 5/21 

Swanson  
et al. 1995 (new) IVIS 9/20 89 8/9 100 6/6 67 2/3 86 6/7 100 2/2 33 1/3 0 0/6 

Swanson  
et al. 1995 (old) IVIS 9/20 78 7/9 100 5/5 50 2/4 71 5/7 100 2/2 50 2/4 0 0/5 

Gettings  
et al. 1996 (new) Perm 23/25 87 20/23 75 6/8 93 14/15 86 6/7 88 14/16 7 1/15 25 2/8 

Gettings  
et al. 1996 (old) Perm 25/25 80 20/25 67 4/6 84 16/19 57 4/7 89 16/18 16 3/19 33 2/6 

Casterton  
et al. 1996 (new) O/P 54/97 70 38/54 52 13/25 86 25/29 76 13/17 68 25/37 14 4/29 48 12/25 

Casterton  
et al. 1996 (old) O/P 60/97 73 44/60 54 13/24 86 31/36 72 13/18 74 31/42 14 5/36 46 11/24 

Southee 1998 
(new) IVIS 14/16 797 11/14 67 4/6 88 7/8 80 4/5 78 7/9 12 1/8 33 2/6 

Southee 1998 
(old) IVIS 15/16 737 11/15 60 3/5 80 8/10 60 3/5 80 8/10 20 2/10 40 2/5 

Swanson & 
Harbell 2000 
(new) 

IVIS 9/13 78 7/9 100 1/1 75 6/8 33 1/3 100 6/6 25 2/8 0 0/1 

Swanson & 
Harbell 2000 
(old) 

IVIS 9/13 78 7/9 100 1/1 75 6/8 33 1/3 100 6/6 25 2/8 0 0/1 
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 2062 

1EU = European Union (EU [2001]). 2063 
2Anal. = Analytical method used to transform the sample data into BCOP classification.  IVIS = In Vitro Irritancy Score developed by Gautheron et al. 2064 
(1994).  Perm = Permeability value only used to classify in vitro ocular irritancy in the BCOP assay; an OD490 value >0.600 was considered a severe irritant.  2065 
O/P = irritation class based on the endpoint (opacity or permeability) with the highest score for its respective range (Casterton et al. [1996]). 2066 
3N = Number of substances included in this analysis/the total number of substances in the study. 2067 
4Data used to calculate percentage.  2068 
5Accuracy analysis based on EEC (1984) classifications in Gautheron et al. (1994).   2069 
6New = accuracy statistics based on the revised analysis; Old = accuracy statistics based on the previous analysis included in the Draft BCOP BRD. 2070 
7Performance calculated using the overall in vitro classification based on the majority and/or most severe classification among the multiple testing 2071 
laboratories and tests (for substances tested multiple times in a laboratory). 2072 
8Data from Gautheron et al. (1994), Balls et al. (1995), Swanson et al. (1995), Gettings et al. (1996), Southee (1998), Swanson and Harbell (2000), and 2073 
Bailey et al (2004) were pooled together and an overall in vitro classification was assigned for each test substance based on the majority and/or most severe 2074 
classification obtained across tests and testing laboratories.  Data from Casterton et al. (1996) were not included in this analysis since the protocol used to 2075 
generate BCOP data differed considerably from the other studies (e.g., a spectrophotometer was used to measure opacity instead of an opacitometer, and 2076 
solids were applied neat instead of as a 20% solution or suspension). 2077 

Accuracy Sensitivity Specificity Positive 
Predictivity 

Negative 
Predictivity 

False  
Positive  

Rate 

False 
Negative 

Rate Data Source Anal.2 N3 

% No.4 % No. % No. % No. % No. % No. % No. 
Bailey et al.  
2004 (new) IVIS 13/16 92 12/13 67 2/3 100 10/10 100 2/2 91 10/11 0 0/10 33 1/3 

Bailey et al.  
2004 (old) IVIS 16/16 94 15/16 67 2/3 100 13/13 100 2/2 93 13/14 0 0/13 33 1/3 

Entire Data Set 
(new)8  143/203 80 114/143 82 33/40 79 81/103 60 33/55 92 81/88 21 22/103 18 7/40 

Entire Data Set 
(old)  157/200 77 121/157 78 31/40 77 90/117 55 33/60 91 88/97 23 27/117 23 9/40 
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Table III-5. False Negative and False Positive Rates of the BCOP Test Method, 2078 
by Chemical Class and Properties of Interest, for the GHS1 2079 
Classification System 2080 

 2081 
False Positive Rate3 False Negative Rate4 Category N2 
% No.5 % No. 

Overall 147 20 21/104 16 7/43 
Chemical Class6 
Alcohol 21 50 9/18 67 2/3 
Amine/Amidine 8 0 0/4 0 0/4 
Carboxylic acid 16 33 3/9 14 1/7 
Ester 12 12 1/8 0 0/4 
Ether/Polyether 6 0 0/5 0 0/1 
Heterocycle 12 33 2/6 17 1/6 
Hydrocarbon 11 9 1/11 - 0/0 
Inorganic salt 5 0 0/3 0 0/2 
Ketone 9 33 3/9 - 0/0 
Onium compound 11 0 0/3 0 0/8 
Properties of Interest 
Liquids 93 26 18/69 4 1/24 
Solids 34 10 2/20 43 6/14 
Pesticide 8 33 1/3 40 2/5 
Surfactant – Total7 
-nonionic 
-anionic 
-cationic 

35 
5 
3 
6 

5 
0 
0 
0 

1/21 
0/4 
0/2 
0/1 

7 
0 

100 
0 

1/14 
0/1 
1/1 
0/7 

pH – Total8 
- acidic (pH < 7.0) 
- basic (pH > 7.0) 

24 
11 
13 

- 
- 
- 

- 
- 
- 

21 
18 
23 

5/24 
2/11 
3/13 

Category 1 Subgroup9 - 
Total 
- 4 (CO=4 at any time) 
- 3 (severity/persistence) 
- 2 (severity) 
- 2-4 combined10 
- 1 (persistence)  

 
38 
20 
1 
4 
25 
13 

 
- 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 

 
18 
15 
0 

25 
17 
23 

 
7/38 
3/20 
0/1 
1/4 

4/24 
3/13 

1GHS = Globally Harmonized System (UN [2003]). 2082 
2N = number of substances.  2083 
3False Positive Rate = the proportion of all negative substances that are falsely identified as positive in vitro. 2084 
4False Negative Rate = the proportion of all positive substances that are falsely identified as negative in 2085 
vitro. 2086 
5Data used to calculate the percentage. 2087 
6Chemical classes included in this table are represented by at least five substances tested in the BCOP test 2088 
method and assignments are based on the MeSH categories (www.nlm.nih.gov/mesh) as defined in 2089 
Appendix B. 2090 
7Combines single chemicals labeled as surfactants along with surfactant-containing formulations. 2091 
8Total number of GHS Category 1 substances for which pH information was obtained. 2092 
9NICEATM-defined subgroups assigned based on the lesions that drove classification of a GHS Category 1 2093 
substance. 1: based on lesions that are persistent; 2: based on lesions that are severe (not including Corneal 2094 
Opacity [CO]=4); 3: based on lesions that are severe (not including CO=4) and persistent; 4: CO = 4 at any 2095 
time. 2096 
10Subcategories 2 to 4 combined to allow for a direct comparison of GHS Category 1 substances classified in 2097 
vivo based on some lesion severity component and those classified based on persistent lesions alone. 2098 

2099 
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With regard to physical form of the substances overpredicted by the BCOP test method, 2099 
18 were liquids and two were solids.  Considering the proportion of the total available 2100 
database, liquids (93/127; 73%) appear more likely than solids (34/127; 27%) to be 2101 
overpredicted by the BCOP test method 2102 
 2103 
Although there were a relatively small number (4) of substances (i.e., were false 2104 
negatives7), alcohols (2) were most often underpredicted by the BCOP test method 2105 
according to the GHS classification system (see Appendix III-A).  The other chemical 2106 
classes represented were carboxylic acids (1) and heterocyclic compounds (1).  As can be 2107 
seen in Table III-5, the 35 substances labeled as surfactants were rarely underpredicted by 2108 
the BCOP test method (7% [1/14] false negative rate).  The only underpredicted surfactant 2109 
was an anionic form.  With regard to physical form of the substances underpredicted by 2110 
the BCOP test method, 6 were solids and one was a liquid.  Despite the proportion of the 2111 
total available database, solids (34/127; 27%) appear more likely than liquids (93/127; 2112 
73%) to be underpredicted by the BCOP test method.  There was no definitive difference 2113 
among the underpredicted substances for which pH information was available, as two 2114 
were acidic (pH < 7.0) and three were basic (pH > 7.0), and considering the comparable 2115 
proportion of acidic and basic underpredicted substances (2/11; 18% vs. 3/13; 23%).  2116 
Finally, the 38 underpredicted substances were more likely to be substances classified in 2117 
vivo based on persistent lesions, rather than on severe lesions, as evidenced by an analysis 2118 
of NICEATM-defined GHS Category 1 sub-groupings (Table III-5). 2119 
 2120 
2.5 Accuracy of the BCOP Test Method for Identifying Ocular Corrosives and 2121 

Severe Irritants – Summary of Reanalysis 2122 
 2123 
As detailed in Section III-1.0, additional or new data relevant to the BCOP test method 2124 
were received after the Expert Panel meeting on January 11 and 12, 2005 that increased 2125 
the size of the comparative BCOP:in vivo rabbit eye test database from 120 to 147 2126 
substances for the GHS classification system (UN [2003]), 117-143 for the EPA 2127 
classification system (EPA [1996]).  Conversely, the size of the comparative BCOP:in 2128 
vivo rabbit eye test database was decreased from 157 to 143 substances for the EU 2129 
classification system (EU [2001]).  As can be seen in Tables III-2 through III-4, the 2130 
overall accuracy stayed the same (draft BCOP BRD: 77-80%, depending on the 2131 
classification system used; reanalysis: 80% for all classification systems).  The false 2132 
positive rate was reduced from 23% (draft BCOP BRD analysis) to 21% (reanalysis) for 2133 
the EU classification system, but was increased from 17-19% (draft BRD BCOP analysis) 2134 
to 19-20% (reanalysis) for the EPA and GHS classification systems, respectively, while 2135 
the false negative rate was reduced for all three classification systems (from 23-27% [draft 2136 
BCOP BRD analysis] to 16-25% [reanalysis]). 2137 
 2138 
Similar to the original analysis, the revised analysis indicated that alcohols are often 2139 
overpredicted (50% [9/18] false positive rate) in the BCOP test method.  Carboxylic acids 2140 
(3/9) and heterocyclic compounds (2/6) had a false negative rate of 33%. 2141 

2142 
                                                
7 False negative in this context refers to a substance that was classified as a nonsevere (mild or moderate) 
irritant or nonirritant by the BCOP test method, but as a severe irritant based on in vivo data.  
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As noted in Section III-2.4, 18 of the 20 overpredicted substances were liquids while two 2142 
were solids.  Considering the proportion of the total available database, liquids (93) appear 2143 
more likely than solids (34) to be overpredicted by the BCOP test method.  In comparison 2144 
to the original analysis, the overprediction of solid substances was reduced (from 44% 2145 
[4/9] to 10% [2/20] false positive rate), while the false positive rate for liquids was 2146 
increased from 21% (14/66) to 26% (18/69).   2147 
 2148 
With regard to physical form of the substances underpredicted by the BCOP test method, 2149 
six were solids and one was a liquid.  Given the proportion of the total available database, 2150 
solids (34/127; 27%) appear more likely than liquids (93/127; 73%) to be underpredicted 2151 
by the BCOP test method.  In comparison to the original analysis, the underprediction of 2152 
solid substances was increased (from 31% [4/13] to 43% [6/14] false negative rate), while 2153 
the false negative rate for liquids was reduced in the revised analysis from 18% (5/28) to 2154 
4% (1/24). 2155 
 2156 
Using the expanded database, an analysis was conducted of the ability of the BCOP test 2157 
method to identify ocular corrosives and severe irritants, depending on the nature of the in 2158 
vivo ocular lesions (i.e., severity and/or persistence) responsible for classification of a 2159 
substance as an ocular corrosive/severe irritant.  As indicated in Table III-5, the 38 2160 
underpredicted substances were more likely to be substances classified in vivo based on 2161 
persistent lesions (false negative rate = 23% [3/13]), rather than on severe lesions (false 2162 
negative rate = 17% [4/24]).   2163 
 2164 
A new analysis not included originally was an evaluation of accuracy related to acidic or 2165 
basic pH.  Among the five underpredicted substances for which pH information was 2166 
available, 2 were acidic (pH < 7.0) and three were basic (pH > 7.0).  Basic substances (13) 2167 
occupy a comparable proportion of the total database to acidic substances (11), and 2168 
therefore these differences do not appear to be significant.  However, it is noted that pH 2169 
information was obtained for only 28 of the 43 total Category 1 substances.   2170 
 2171 
Table III-6 provides a summary of the revised analysis of the overall performance of the 2172 
BCOP test method defined by the GHS classification system (UN [2003]).  As noted from 2173 
this analysis, the false positive substances were scattered among the three “nonsevere 2174 
irritant” classifications (i.e., GHS Category 2A, 2B, or nonirritant).  This includes nine 2175 
(9/75) nonirritating substances that were classified as severe irritants by the BCOP.  2176 
However, the mild irritants (Category 2B; n = 1/7) were less likely to be overpredicted as 2177 
severe irritants/ocular corrosives than the moderate irritants (Category 2A, n = 11/22).  2178 
The small number of false negative substances (7) was most often confined to those 2179 
classified, based on BCOP test results, as moderate irritants (n=5) although two false 2180 
negative substances were classified as mild irritants. 2181 
 2182 
In the reanalysis, compared to the overall false positive rate for the BCOP test method 2183 
(20%; 21/104) the false positive rate for alcohols is 50% (9/18).  However, the revised 2184 
analysis indicates that the false positive rate for ketones is smaller than originally 2185 
determined (False positive rate: draft BCOP BRD analysis: 2/3, 67%; reanalysis: 3/9, 2186 
33%; Solid false positive).  Likewise, the false positive rate for solids is smaller than 2187 
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Table III-6. Overall Performance of the BCOP Test Method in the Predicting the 2188 
Irritancy of a Substance as Defined by the GHS1 Classification System 2189 
 2190 

In Vitro Classification (BCOP) 
 

Severe Moderate2 Mild Total 

Category 1 36 5 2 43 

Category 2A 11 7 4 22 

Category 2B 1 4 2 7 

Nonirritant 9 22 44 75 

In Vivo 
Classification 

(GHS) 

Total 57 38 52 1473 
1GHS = Globally Harmonized System (UN [2003]). 2191 
2In vitro classification of moderate also includes those substances classified as “nonsevere” in some BCOP 2192 
studies.  2193 
3Thirty substances included in Appendix III-A had insufficient data with which to assign a precise GHS 2194 
classification and therefore were not included in this table. 2195 
 2196 
 2197 
previously calculated (False positive rate: draft BCOP BRD analysis: 4/9, 44%; 2198 
reanalysis: 2/20, 10%).  Furthermore, the reanalysis indicated that the false negative rate 2199 
of liquids was smaller than previously determined (draft BCOP BRD analysis: 5/28, 18%; 2200 
reanalysis: 1/24, 4%).  Based on the reanalysis, the false positive and false negative rates 2201 
for identification of ocular corrosives/severe irritants among surfactants and surfactant 2202 
containing formulations were 5% (1/21) and 7% (1/14), respectively. 2203 
 2204 
3.0 RELIABILITY OF THE BCOP TEST METHOD - REANALYSIS 2205 
 2206 
An assessment of test method reliability (intralaboratory repeatability and intra- and inter-2207 
laboratory reproducibility) is an essential element of any evaluation of the performance of 2208 
an alternative test method (ICCVAM [2003]).  Repeatability refers to the closeness of 2209 
agreement between test results obtained within a single laboratory when the procedure is 2210 
performed on the same substance under identical conditions within a given time period 2211 
(ICCVAM [1997, 2003]).  Intralaboratory reproducibility refers to the determination of 2212 
the extent to which qualified personnel within the same laboratory can replicate results 2213 
using a specific test protocol at different times.  Interlaboratory reproducibility refers to 2214 
the determination of the extent to which different laboratories can replicate results using 2215 
the same protocol and test chemicals, and indicates the extent to which a test method can 2216 
be transferred successfully among laboratories.  A reliability assessment includes 2217 
reviewing the rationale for selecting the substances used to evaluate test method 2218 
reliability, a discussion of the extent to which the substances tested represent the range of 2219 
possible test outcomes and the properties of the various substances for which the test 2220 
method is proposed for use, and a quantitative and/or qualitative analysis of repeatability 2221 
and intra- and inter-laboratory reproducibility.  In addition, measures of central tendency 2222 
and variation are summarized for historical control data (negative, vehicle, positive), 2223 
where applicable.   2224 

2225 
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As noted in the draft BCOP BRD, quantitative BCOP test method data were available for 2225 
replicate corneas within individual experiments or for replicate experiments within an 2226 
individual laboratory for three studies (Gettings et al. [1996]; Southee [1998]; data 2227 
submission from Dr. Joseph Sina).  Therefore, an evaluation of the repeatability and 2228 
intralaboratory reproducibility of the BCOP test method could be conducted.  2229 
Additionally, comparable BCOP data were available for multiple laboratories within each 2230 
of three comparative validation studies (Gautheron et al. [1994]; Balls et al. [1995]; 2231 
Southee [1998]), which allowed for an evaluation of the interlaboratory reproducibility of 2232 
the BCOP test method.  2233 
 2234 
3.1 Substances Used to Re-evaluate the Reliability of the BCOP Test Method 2235 
 2236 
Intralaboratory reliability analyses were conducted on the data from Gettings et al. (1996), 2237 
Southee (1998) and a data submission from Dr. Joseph Sina.  For the Gettings et al. (1996) 2238 
study, mean permeability data from three different experiments on the 25 surfactant-based 2239 
formulations evaluated the CTFA Phase III study were obtained, as well as the mean 2240 
permeability value for the three experiments, the standard deviation and the corresponding 2241 
%CV values.  Dr. Joseph Sina submitted a study of 43 substances, which included detailed 2242 
BCOP data for replicate corneas.  In the Southee (1998) study, 16 substances were 2243 
evaluated in three laboratories multiple times (2 to 5 experiments) for a total of 122 tests.   2244 
 2245 
Interlaboratory reliability analyses were conducted on the data from Gautheron et al. 2246 
(1994), Balls et al. (1995), and Southee (1998).  Gautheron et al. (1994) included 52 2247 
substances, including 22 liquids, 22 solids, and eight surfactants (both solids and liquids).  2248 
Balls et al. (1995) included 60 substances (i.e., there were 52 different substances with 2249 
four substances tested at two different concentrations and two substances tested at three 2250 
concentrations, for a total of 60 possible ocular irritation outcomes).  One substance 2251 
(thiourea) was tested in vitro in the BCOP test method but, due to its excessive toxicity in 2252 
vivo, was excluded from the comparison of in vitro and in vivo test results.  As noted 2253 
above, the Southee (1998) study included 16 substances evaluated in three laboratories 2254 
multiple times. 2255 
 2256 
3.2 Reanalysis of BCOP Test Method Intralaboratory Repeatability  2257 
 2258 
Generally, analyses of intralaboratory repeatability have included approaches such as: 2259 

• a CV analysis, which is a statistical measure of the deviation of a variable 2260 
from its mean (e.g., Holzhütter et al. [1996]) 2261 

• ANOVA methods (e.g., Holzhütter et al. [1996]; ASTM [1999]) 2262 
 2263 
Two studies discussed in Section 2.0 included intralaboratory repeatability data.  For the 2264 
Southee (1998) study, quantitative BCOP test method data were available for replicate 2265 
corneas within individual experiments repeated two to five times for each test substance in 2266 
three different laboratories.  CV analyses were performed on within-experiment BCOP 2267 
data, using the In Vitro Irritancy Score obtained for each test substance within each of the 2268 
three testing laboratories.  In addition, Dr. Joseph Sina submitted a study of 43 substances, 2269 
which included detailed BCOP data for replicate corneas.  A CV analysis was conducted 2270 
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on the subset of substances provided by Dr. Sina that were tested using an incubation 2271 
temperature of 32˚C, the recommended temperature for incubations in the proposed 2272 
standardized protocol described in Appendix A of the draft BCOP BRD; substances 2273 
incubated at room temperature were not included in this analysis.  The updated 2274 
information received subsequent to the release of the draft BCOP BRD did not affect these 2275 
analyses and therefore these are not discussed again here (see the draft BCOP BRD, 2276 
published November 1, 2004).     2277 
 2278 
3.3 Reanalysis of BCOP Test Method Intralaboratory Reproducibility 2279 
 2280 
Generally, analyses of intralaboratory reproducibility have included approaches such as: 2281 

• a CV analysis, which is a statistical measure of the deviation of a variable 2282 
from its mean (e.g., Holzhütter et al. [1996]) 2283 

• ANOVA methods (e.g., Holzhütter et al. [1996]; ASTM [1999]) 2284 
 2285 
Two of the studies discussed in Section 2.0 included intralaboratory reproducibility data 2286 
(Gettings et al. [1996]; Southee [1998]).  For the Southee (1998) study, quantitative BCOP 2287 
test method data were available for replicate corneas within individual experiments 2288 
repeated two to five times for each test substance in three different laboratories.  CV 2289 
analyses were performed on between-experiment BCOP data, using the In Vitro Irritancy 2290 
Score obtained for each test substance within each of the three testing laboratories.  For 2291 
the Gettings et al. (1996) study, Dr. John Harbell provided the mean permeability data 2292 
obtained from three different experiments on the 25 surfactant-based formulations 2293 
evaluated the Cosmetic, Toiletry, and Fragrance Association (CTFA)  Phase III study, as 2294 
well as the mean permeability value for the three experiments, the standard deviation and 2295 
the corresponding %CV values.  The updated information received subsequent to the 2296 
release of the draft BCOP BRD did not affect these analyses and therefore these are not 2297 
discussed again here (see the draft BCOP BRD, November 1, 2004).     2298 
 2299 
3.4 Reanalysis of BCOP Test Method Interlaboratory Reproducibility  2300 
 2301 
Generally, analyses of interlaboratory variability have included approaches such as: 2302 

• the extent of concordance among laboratories in assigning the same 2303 
regulatory classification for a particular substance (e.g., Holzhütter et al. 2304 
[1996]) 2305 

• bivariant scatter diagrams/correlation analyses for pairs of laboratories to 2306 
assess the extent possibility of divergence (e.g., Holzhütter et al. [1996]) 2307 

• a CV analysis (e.g., Holzhütter et al. [1996]) 2308 
• ANOVA methods (e.g., Holzhütter et al. [1996]; ASTM [1999]) 2309 

 2310 
Several of the studies discussed in Section 2.0 included interlaboratory data for at least a 2311 
subset of the substances evaluated.  The ability of the BCOP test method to reproducibly 2312 
identify ocular corrosives/severe irritants versus nonsevere irritants/nonirritants was 2313 
evaluated using two approaches.  While the draft BRD contained the same analysis as 2314 
detailed below, new information regarding in vivo classification of substances according 2315 
to the three regulatory classification schemes was provided, which resulted in changes to 2316 
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the classification of some substances.  Therefore, a revised analysis was conducted to 2317 
reflect the updated classifications.  However, while the tables include the comparative 2318 
results from the original and revised analyses, the results discussed in the text pertain to 2319 
the revised analysis only. 2320 
 2321 
In the first approach, a qualitative assessment of reproducibility was conducted.  In this 2322 
evaluation, the individual laboratory in vitro ocular irritation classification for each 2323 
substance was used to evaluate the extent of agreement among the participating 2324 
laboratories in their ability to identify ocular corrosives/severe irritants versus nonsevere 2325 
irritants/nonirritants.  The reliability of BCOP was assessed separately for each study (i.e., 2326 
publication).  Substances classified, based on BCOP data, as corrosive/severe irritants or 2327 
nonsevere irritants/nonirritants were further classified by their in vivo rabbit eye test 2328 
results, as determined within the GHS, EPA, and EU classification schemes.  Because the 2329 
focus of this reliability assessment is on the interlaboratory reproducibility of BCOP in 2330 
identifying corrosives/severe irritants versus nonsevere irritants/nonirritants, considerable 2331 
variability could exist among laboratories in their classification of substances as nonsevere 2332 
irritants or nonirritants (e.g., three laboratories could classify a chemical as a nonirritant 2333 
and one laboratory could classify the same chemical as an moderate irritant; for this 2334 
analysis this would be considered 100% agreement between laboratories) that would not 2335 
be apparent from this analysis. 2336 
 2337 
3.4.1 Qualitative Reanalysis of Interlaboratory Reproducibility 2338 
3.4.1.1 GHS Ocular Hazard Classification System 2339 
Reliability analyses for the BCOP test method were evaluated for the following three 2340 
studies: Balls et al. (1995), Gautheron et al. (1994), and Southee (1998).  The agreement 2341 
of classification calls among participating laboratories and the relationship to the in vivo 2342 
classification (UN [2003]) for the substances tested in each validation in each study is 2343 
provided in Table III-7. 2344 
 2345 
For the study by Balls et al. (1995), the five participating laboratories were in 100% 2346 
agreement in regard to the ocular irritancy classification for 41 (68%) of the 60 substances 2347 
tested.  The extent of agreement between testing laboratories was the same for substances 2348 
identified from in vivo rabbit eye data as corrosives/severe irritants or as nonsevere 2349 
irritants/nonirritants (76% of the accurately identified severe and nonsevere substances 2350 
were shown to have 100% classification agreement among testing laboratories).  2351 
Comparatively, greater disparity between individual substance classifications was 2352 
observed for substances that were identified as false positives (i.e., positive in vitro but 2353 
negative in vivo).  For instance, 63% of the false positives exhibited less than 100% 2354 
agreement in the irritancy classifications among laboratories.   2355 
 2356 
For the study by Gautheron et al. (1994), there was 100% agreement in regard to the 2357 
ocular irritancy classification for 35 (67%) of the 52 substances, which were tested in 2358 
either 11 or 12 laboratories.  Discordance in the classification results was present for  2359 
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Table III-7. Evaluation of the Reliability of the BCOP Test Method in Predicting Ocular Corrosives and Severe Irritants as 2360 
Defined by the GHS1 Classification System, by Study 2361 

 2362 

Report 
Classification 

(In Vivo/In 
Vitro)2 

No. of 
Testing 

Labs 
N3 

Substances 
with 100% 
Agreement 

among 
Labs4 

Substances 
with 91-

92% 
Agreement 

among 
Labs 

Substances 
with 82-

83% 
Agreement 

among 
Labs 

Substances 
with 80% 

Agreement 
among 
Labs 

Substances 
with 73% 

Agreement 
among 
Labs 

Substances 
with 64-67% 
Agreement 

among Labs 

Substances 
with 58-60% 
Agreement 

among Labs 

Substances 
with < 55% 
Agreement 

among Labs 

+/+ (new)5 5 17  13 (76%)    3 (18%)    1 (6%)   
+/+ (old)5 5 17 14 (82%   2 (12%)   1 (6%)  
+/- (new) 5 5 3 (60%)    1 (20%)     1 (20%)  
+/- (old) 5 5 3 (60%)   1 (20%)   1 (20%)  
-/+ (new) 5 11  4 (36%)    4 (36%)    3 (27%)   
-/+ (old) 5 12 4 (33%)   5 (42%)   3 (25%)  
-/- (new) 5 21  16 (76%)    2 (10%)   3 (14%)  
-/- (old) 5 23 17 (74%)   2 (9%)   4 (17%)  
?/- (new) 5 4  3 (75%)       1 (25%)   
?/- (old) 5 2 2 (100%)      0 (0%)  

?/+ (new) 5 2  2 (100%)         
?/+ (old) 5 1 1 (100%)        

Total (new)  60  41 (68%)    10 (17%)   9 (15%)  

Balls et al. 
(1995) 

Total (old)  60 41 (68%)   10 (17%)   9 (15%)  

+/+ (new) 11 
12 

5 
1 

3 (60%) 
1(100%)  1 (10%) 

     1 (10%) 
 

+/+ (old) 11 4 2 (50%)  1 (25%)     1 (25%) 
 12 1 1 (100%)        

+/- (new) 11 
12 

1 
1 

 
1(100%) 

 1(100%) 
      

+/- (old) 11 
12 

1 
1 

 
1 (100%) 

 1 (100%) 
      

-/+ (new) 11 
12 

4 
5 

2  (50%) 
2 (40%) 

 
1 (20%) 

1 (25%) 
  1 (25%)    

2 (40%) 
-/+ (old) 11 1      1 (100%)   

-/- (new) 11 
12 

2 
28 

 
23 (81%) 

 
1 (4%) 

1 (50%) 
3 (11%)   1 (50%) 

1 (4%)   

-/- (old) 11 
12 

4 
1 

3 (75%) 
 

  
1 (100%) 

1 (25%) 
 

    

?/- (new) 11 
12 

1 
1 

 
1 (100%) 

   1 (100%)    

Gautheron et 
al. (1994) 

?/- (old) 11 11 8 (73%)  2 (18%)  1 (9%)    
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Report 
Classification 

(In Vivo/In 
Vitro)2 

No. of 
Testing 

Labs 
N3 

Substances 
with 100% 
Agreement 

among 
Labs4 

Substances 
with 91-

92% 
Agreement 

among 
Labs 

Substances 
with 82-

83% 
Agreement 

among 
Labs 

Substances 
with 80% 

Agreement 
among 
Labs 

Substances 
with 73% 

Agreement 
among 
Labs 

Substances 
with 64-67% 
Agreement 

among Labs 

Substances 
with 58-60% 
Agreement 

among Labs 

Substances 
with < 55% 
Agreement 

among Labs 

 12 16 15 (94%) 1 (6%)  
?/+ (new) 11 3 1 (33%) 1 (33%)    1 (33%)   

?/+ (old) 11 
12 

7 
4 

4 (57%) 
2 (50%) 

1 (14%) 
1 (25%) 

1 (14%) 
  1 (14%)   

1 (25%)  

Total (new)  52 34 (65%) 3 (6%) 7 (13%)  2 (4%) 3 (6%)  3 (6%) 

 

Total (old)  51 36 (71%) 3 (6%) 6 (12%) 1 (2%) 2 (4%) 1 (2%) 1 (2%) 1 (2%) 
+/+ (new) 3  4 4 (100%)        
+/+ (old) 3 3 3 (100%)        
+/- (new) 3 3 3 (100%)        
+/- (old) 3 3 3 (100%)        
-/+ (new) 3 1 1 (100%)        
-/+ (old) 3 2 2 (100%)        
-/- (new) 3 7 6 (86%)     1 (14%)   
-/- (old) 3 6 5 (83%)     1 (17%)   
?/- (new) 3 1 1 (100%)        
?/- (old) 3 2 2 (100%        

?/+ (new) - 0         
?/+ (old) - 0         

Total (new)  16 15 (94%)     1 (6%)   

Southee 
(1998) 

Total (old)  16 15 (94%)     1 (6%)   
1GHS = Globally Harmonized System (UN [2003]). 2363 
2A “+” indicates that the substance was assigned an overall classification of corrosive or a severe irritant (Category 1); a “-“ indicates that the substance was 2364 
assigned an overall classification of nonsevere irritant (Category 2A, 2B) or nonirritant; a “?” indicates that, due to the lack of appropriate in vivo data (e.g., 2365 
studies were terminated too early to assess reversibility of effects; insufficient dose volume), a GHS classification could not be made.  See Section 2.0 for a 2366 
description of the rules followed to classify the ocular irritancy of test substances tested multiple times in vitro. 2367 
3N = number of substances. 2368 
4Number in parentheses indicates percentage of tested chemicals. 2369 
5New = accuracy statistics based on revised analysis; Old = accuracy statistics based on the previous analysis included in the draft BCOP BRD. 2370 
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substances that were correctly identified as corrosives/severe irritants and as nonsevere 2371 
irritants/nonirritants.  For the study by Southee (1998), there was 100% agreement in regard 2372 
to the ocular irritancy classification for 15 (94%) of the 16 substances.  Discordance in the 2373 
classification results was present for only one substance that was correctly identified as a 2374 
nonsevere irritant/nonirritant.   2375 
 2376 
3.4.1.2 EPA Ocular Hazard Classification System 2377 
Reliability analyses for the BCOP test method were evaluated for the following three studies: 2378 
Balls et al. (1995), Gautheron et al. (1994), and Southee (1998).  The agreement of 2379 
classification calls among participating laboratories and its relationship to the in vivo 2380 
classification (EPA [1996]) for the substances tested in each validation in each study is 2381 
provided in Table III-8. 2382 
 2383 
The participating laboratories of Balls et al. (1995) were in 100% agreement in regard to the 2384 
ocular irritancy classification for 40 (67%) of the 60 substances tested.  The agreement 2385 
among laboratories was greatest for accurately identified corrosives/severe irritants when 2386 
compared to any other combination of in vivo and in vitro results (77% of the accurately 2387 
identified corrosives/severe irritants exhibited 100% classification agreement among 2388 
laboratories).  Comparatively, greater disparity between individual substance classifications 2389 
was observed for substances that were identified as false positives.  For instance, 61% of the 2390 
false positives exhibited less than 100% agreement among laboratories in the irritancy 2391 
classifications.  2392 
 2393 
The participating laboratories of Gautheron et al. (1994) were in 100% agreement in regard 2394 
to the ocular irritancy classification (corrosive/severe irritant or nonsevere irritant/nonirritant) 2395 
for 36 (71%) of the 51 tested substances.  Discordant results were observed for substances 2396 
that were correctly identified as corrosive/severe irritant or nonsevere/irritant/nonirritant, as 2397 
well as for false negatives and false positives. 2398 
 2399 
For the report by Southee (1998), there was 100% agreement in regard to the ocular irritancy 2400 
classification (corrosive/severe irritant or nonsevere irritant/nonirritant) for 15 (94%) of the 2401 
16 substances.  Discordance in the classification results was present for only one substance 2402 
that was correctly identified as a nonsevere irritant/nonirritant.   2403 
 2404 
3.4.1.3 EU Ocular Hazard Classification System 2405 
Reliability analyses for the BCOP test method were evaluated for the following three studies: 2406 
Balls et al. (1995), Gautheron et al. (1994), and Southee (1998).  The agreement of 2407 
classification calls among participating laboratories and its relationship to the in vivo 2408 
classification (EU [2001]) for the substances tested in each validation in each study is 2409 
provided in Table III-9. 2410 
 2411 
The participating laboratories were in 100% agreement in regard to the ocular irritancy 2412 
classification for 40 (67%) of the 60 substances tested by Balls et al. (1995).  The extent of 2413 
agreement among laboratories was greatest for accurately identified corrosives/severe 2414 
irritants when compared to any other combination of in vivo and in vitro results (86% of the 2415 
accurately identified corrosives/severe irritants exhibited 100% classification agreement 2416 
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Table III-8. Evaluation of the Reliability of the BCOP Test Method In Predicting Ocular Corrosives and Severe Irritants as 2417 
Defined by the EPA1 Classification System, by Study 2418 

 2419 

Report 
Classification 

(In Vivo/In 
Vitro)2 

No. of 
Testing 

Labs 
N3 

Substances 
with 100% 
Agreement 

among 
Labs4 

Substances 
with 91-

92% 
Agreement 

among Labs 

Substances 
with 82-

83% 
Agreement 

among Labs 

Substances 
with 80% 

Agreement 
among Labs 

Substances 
with 73% 

Agreement 
among Labs 

Substances 
with 64-67% 
Agreement 

among Labs 

Substances 
with 58-60% 
Agreement 

among Labs 

Substances 
with < 55% 
Agreement 

among Labs 

+/+ (new)5 5 13 10 (77%)   2 (15%)   1 (8%)  
+/+ (old)5 5 17 14 (82%)   2 (12%)   1 (6%)  
+/- (new) 5 5 3 (60%)   1 (20%)   1 (20%)  
+/- (old) 5 5 3 (60%)   1 (20%)   1 (20%)  
-/+ (new) 5 13 5 (38%)   5 (38%)   3 (23%)  
-/+ (old) 5 12 4 (33%)   5 (42%)   3 (25%)  
-/- (new) 5 22 15 (68%)   4 (33%)   3 (25%)  
-/- (old) 5 23 17 (74%)   2 (9%)   4 (17%)  
?/- (new) 5 3 3 (100%)        
?/- (old) 5 2 2 (100%)        

?/+ (new) 5 4 4 (100%)        
?/+ (old) 5 1 1 (100%)        

Total (new)  60 40 (67%)   12 (20%)   8 (13%)  

Balls et al. 
(1995) 

Total (old)  60 41 (68%)   10 (17%)   9 (15%)  

+/+ (new) 11 
12 

4 
1 

2 (50%) 
1 (100%) 

 1 (25%) 
     1 (25%) 

 

+/+ (old) 11 
12 

2 
1 

 
1 (100%) 

 1 (33%) 
     1 (33%) 

 

+/- ( new) 11 
12 

1 
1 

 
1 (100%) 

 1 (100%) 
      

+/- (old) 11 
12 

1 
1 

 
1 (100%) 

 1 (100%) 
      

-/+ (new) 11 
12 

5 
5 

3 (60%) 
2 (40%) 

 
1 (20%)   1 (20%) 1 (20% 

 
 

1 (20%) 
 

1 (20%) 
-/+ (old) 11 1      1 (100%)   

-/- (new) 11 
12 

11 
19 

8 (73%)  
17 (90%) 

 
1 (5%) 

2 (18%) 
1 (5%)   1 (9%) 

   

-/- (old) 11 
12 

4 
1 

3 (75%) 
 

  
1 (100%) 

1 (25%) 
 

    

?/- (new) 11 
12 

1 
1 

 
1 (100%) 

   1 (100%)    

Gautheron 
et al. (1994) 

?/- (old) 11 
12 

11 
16 

8 (73%) 
15 (94%) 

 
1 (6%) 

2 (18%) 
  1 (9%)    
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Report 
Classification 

(In Vivo/In 
Vitro)2 

No. of 
Testing 

Labs 
N3 

Substances 
with 100% 
Agreement 

among 
Labs4 

Substances 
with 91-

92% 
Agreement 

among Labs 

Substances 
with 82-

83% 
Agreement 

among Labs 

Substances 
with 80% 

Agreement 
among Labs 

Substances 
with 73% 

Agreement 
among Labs 

Substances 
with 64-67% 
Agreement 

among Labs 

Substances 
with 58-60% 
Agreement 

among Labs 

Substances 
with < 55% 
Agreement 

among Labs 

?/+ (new) 11  2 1 (50%) 1 (50%)       

?/+ (old) 11 
12 

9 
4 

6 (57%) 
2 (50%) 

1 (14%) 
1 (25%) 

1 (14%) 
  1 (14%)   

1 (25%)  

Total (new)  51 36 (71%) 3 (6%) 5 (10%)  2 (4%) 2 (4%) 1 (2%) 2 (4%) 

 

Total (old)  51 36 (71%) 3 (6%) 6 (12%) 1 (2%) 2 (4%) 1 (2%) 1 (2%) 1 (2%) 
+/+ (new) 3 2 2 (100%)        
+/+ (old) 3 3 3 (100%)        
+/- (new) 3 3 3 (100%)        
+/- (old) 3 3 3 (100%)        
-/+ (new) 3 2 2 (100%)        
-/+ (old) 3 2 2 (100%)        
-/- (new) 3 7 6 (86%)     1 (14%)   
-/-  (old) 3 6 5 (83%)     1 (17%)   
?/- (new) 3 1 1 (100%)        
?/- (old) 3 2 2 (100%)        

?/+ (new) 3 1 1 (100%)        
?/+ (old) - 0         

Total (new)  16 15 (94%)     1 (6%)   

Southee 
(1998) 

Total (old)  16 15 (94%)     1 (6%)   
1EPA = U.S. Environmental Protection Agency (EPA [1996]). 2420 
 2A “+” indicates that the substance was assigned an overall classification of corrosive or a severe irritant (Category I); a “-“ indicates that the substance was 2421 
assigned an overall classification of nonsevere irritant (Category II, III) or nonirritant (category IV); a “?” indicates that, due to the lack of appropriate in vivo 2422 
data (e.g., studies were terminated too early to assess reversibility of effects; insufficient dose volume), an EPA classification could not be made.  See Section 2.0 2423 
for a description of the rules followed to classify the ocular irritancy of test substances tested multiple times in vitro. 2424 
3N = number of substances. 2425 
4Number in parentheses indicates percentage of tested chemicals. 2426 
5New = accuracy statistics based on revised analysis; Old = accuracy statistics based on the previous analysis included in the draft BCOP BRD. 2427 
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among laboratories).  Comparatively, greater disparity between individual substance 2428 
classifications was observed for substances that were identified as false positives, false 2429 
negatives, and those substances accurately classified as nonsevere irritants/nonirritants.  For 2430 
instance, 63% of the false positives exhibited less than 100% agreement among laboratories 2431 
in irritancy classifications.   2432 
 2433 
The participating laboratories in Gautheron et al. (1994) were in 100% agreement in regard 2434 
to the ocular irritancy classification for 36 (69%) of the 52 tested substances.  Discordant 2435 
results were observed for substances that were correctly identified as corrosive/severe irritant 2436 
or nonsevere/irritant/nonirritant, as well as for false negatives and false positives. 2437 
 2438 
For the report by Southee (1998), there was 100% agreement in regard to the ocular irritancy 2439 
classification (corrosive/severe irritant or nonsevere irritant/nonirritant) for 15 (94%) of the 2440 
16 substances.   2441 
 2442 
3.4.2 Quantitative Reanalysis of Interlaboratory Reproducibility 2443 
As detailed in the draft BCOP BRD, to provide a quantitative assessment of interlaboratory 2444 
variability, individual laboratory BCOP test results were used to calculate a mean and CV for 2445 
the In Vitro Irritancy Score for each substance tested in Gautheron et al. (1994), Balls et al. 2446 
(1995) and Southee (1998).  Although a wide range of CV values were noted, mean and 2447 
median CV values for the Balls et al. (1995) and the Southee (1998) study were less than 2448 
35%.  These values were higher for the Gautheron et al. (1994) study (168% and 47%, 2449 
respectively), although lower values were noted for substances predicted as severe 2450 
irritants/corrosives in the BCOP test method (36% and 17% for mean and median CV 2451 
values).  The additional information received subsequent to the release of the draft BCOP 2452 
BRD (November 1, 2004) did not affect these analyses, and therefore a reanalysis was not 2453 
necessary.   2454 
 2455 
3.4.3 Additional Reanalyses of Interlaboratory Reproducibility 2456 
As described in the draft BCOP BRD, Gautheron et al. (1994) found that 82.7% of the 2457 
substances tested were classified the same by all laboratories when using a three-category 2458 
system (i.e., mild irritant (BCOP score [0-25], moderate irritant [25.1-55] and severe irritant 2459 
[≥55.1]).  Also described in the draft BCOP BRD is the analysis of Balls et al. (1995), in 2460 
which the interlaboratory correlation of BCOP results (permeability value, opacity value, and 2461 
In Vitro Irritancy Score) generated from the five laboratories that participated this study was 2462 
determined.  This analysis yielded a wide range of correlation coefficients for the subsets of 2463 
test substances.  2464 
 2465 
The additional information received subsequent to the release of the draft BCOP BRD 2466 
(November 1, 2004) did not affect these analyses, and therefore a reanalysis was not 2467 
necessary. 2468 
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Table III-9. Evaluation of the Reliability of the BCOP Test Method In Predicting Ocular Corrosives and Severe Irritants as 2469 
Defined by the EU1 Classification System, by Study 2470 

 2471 

Report 
Classification 

(In Vivo/In 
Vitro)2 

No. of 
Testing 

Labs 
N3 

Substances 
with 100% 
Agreement 

among 
Labs4 

Substances 
with 91-

92% 
Agreement 

among Labs 

Substances 
with 82-

83% 
Agreement 

among Labs 

Substances 
with 80% 

Agreement 
among Labs 

Substances 
with 73% 

Agreement 
among Labs 

Substances 
with 64-67% 
Agreement 

among Labs 

Substances 
with 58-60% 
Agreement 

among Labs 

Substances 
with ≤ 55% 
Agreement 

among Labs 

+/+ (new)5 5 14 12 (86%)   2 (14%)     
+/+ (old)5 5 16 14 (88%)   2 (12%)     
+/- (new) 5 5 2 (40%)   1 (20%)   2 (40%)  
+/- (old) 5 5 3 (60%)   1 (20%)   1 (20%)  
-/+ (new) 5 11 4 (36%)   4 (36%)   3 (27%)  
-/+ (old) 5 13 4 (31%)   5 (38%)   4 (31%)  
-/- (new) 5 20 15 (75%)   2 (10%)   3 (15%)  
-/- (old) 5 25 19 (76%)   2 (8%)   4 (16%)  
?/- (new) 5 5 5 (100%)        
?/- (old) - 0         

?/+ (new) 5 5 3 (60%)   1  (20%)   1 (20%)  
?/+ (old) 5 1 1 (100%)        

Total (new)  60 40 (67%)   10 (17%)   9 (15%)  

Balls et al. 
(1995) 

Total (old)  60 41 (68%)   10 (17%)   9 (15%)  

+/+ (new) 11 
12 

5 
1 

3 (60%) 
1 (100%) 

 1 (20%) 
     1 (20%) 

 

+/+ (old) 11 
12 

5 
1 

3 (60%) 
1 (100%) 

 1 (20%) 
     1 (20%) 

 

+/- (new) 11 
12 

1 
1 

 
1 (100%) 

 1 (100%) 
      

+/- (old) 11 
12 

1 
1 

 
1 (100%) 

 1 (100%) 
      

-/+ (new) 11 
12 

5 
5 

2 (40% 
2 (40%) 

 
1 (20%) 

1 (20%) 
  1 (20%) 1 (20%) 

 
 

1 (20%) 
 

1 (20%) 

-/+ (old) 11 
12 

4 
5 

1 (25%) 
2 (40%) 

1 (25%) 
1 (20%) 

1 (25%) 
  1 (25%) 

 
 

1 (20%) 
 

1 (20%)  

-/- (new) 11 
12 

15 
15 

12 (80%) 
13 (87%) 

 
1  (7%) 

2 (13%) 
1 (7%)   1 (7%) 

   

-/- (old) 11 
12 

15 
17 

11 (73%) 
15 (88%) 

 
1 (6%) 

2 (13%) 
1 (6%) 

 
 

1 (7%) 
 

1 (7%) 
 

 
 

 
 

?/- (new) 11 
12 

1 
1 

 
1 (100%) 

   1 (100%)    

Gautheron 
et al. (1994) 

?/- (old) 11 1 1 (100%)        
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Report 
Classification 

(In Vivo/In 
Vitro)2 

No. of 
Testing 

Labs 
N3 

Substances 
with 100% 
Agreement 

among 
Labs4 

Substances 
with 91-

92% 
Agreement 

among Labs 

Substances 
with 82-

83% 
Agreement 

among Labs 

Substances 
with 80% 

Agreement 
among Labs 

Substances 
with 73% 

Agreement 
among Labs 

Substances 
with 64-67% 
Agreement 

among Labs 

Substances 
with 58-60% 
Agreement 

among Labs 

Substances 
with ≤ 55% 
Agreement 

among Labs 

?/+ (new) 11 2 1 (50%) 1 (50%)       
?/+ (old) - 0         

Total (new)  52 36 (69%) 3 (6%) 6 (12%)  2 (4%) 2 (4%) 1 (2%) 2 (4%) 

 

Total (old)  50 35 (70%) 3 (6%) 6 (12%) 1 (2%) 2 (4%) 2 (2%) 1 (2%) 1 (2%) 
+/+ (new) 3 4 4 (100%)        
+/+  (old) 3 3 3 (100%)        
+/- (new) 3 2 2 (100%)        
+/- (old) 3 2 2 (100%)        
-/+ (new) 3 1 1 (100%)        
-/+ (old) 3 2 2 (100%)        
-/- (new) 3 7 6 (86%)     1 (14%)   
-/- (old) 3 8 7 (88%)     1 (12%)   
?/- (new) 3 2 2 (100%)        
?/- (old) 3 1 1 (100%)        

?/+ (new) - 0         
?/+ (old) - 0         

Total (new)  16 15 (94%)     1 (6%)   

Southee 
(1998) 

Total (old)  16 15 (94%)     1 (6%)   
1EU = European Union (EU [2001]). 2472 
2A “+” indicates that the substance was assigned an overall classification of corrosive or a severe irritant (Category I); a “-“ indicates that the substance was 2473 
assigned an overall classification of nonsevere irritant (Category II, III) or nonirritant (category IV); a “?” indicates that, due to the lack of appropriate in vivo 2474 
data (e.g., studies were terminated too early to assess reversibility of effects; insufficient dose volume), an EPA classification could not be made.  See Section 2.0 2475 
for a description of the rules followed to classify the ocular irritancy of test substances tested multiple times in vitro. 2476 
3N indicates number of substances. 2477 
4Number in parentheses indicates percentage of tested chemicals. 2478 
5New = accuracy statistics based on revised analysis; Old = accuracy statistics based on the previous analysis included in the draft BCOP BRD. 2479 
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3.5 BCOP Test Method Historical Positive and Negative Control Data - 2480 
Reanalysis 2481 

 2482 
An example of historical data for positive controls was provided by IIVS (current as of July 2483 
22, 2004), and is provided in the draft BCOP BRD.   2484 
  2485 
3.6 Reliability of the BCOP Test Method for Identifying Ocular Corrosives and 2486 

Severe Irritants – Summary of Reanalysis 2487 
 2488 
As described in the draft BCOP BRD, a quantitative assessment of intralaboratory data (In 2489 
Vitro Irritancy Scores) from two studies (Southee [1998]; Sina submission) was conducted 2490 
for substances predicted as severe eye irritants.  For the 16 substances evaluated in the 2491 
Southee (1998) study, the median %CV for In Vitro Irritancy Scores for replicate corneas 2492 
ranged from 11.8 to 14.2 for the three laboratories.  For the 29 substances evaluated by Dr. 2493 
Sina, the within experiment mean and median %CV values for In Vitro Irritancy Scores were 2494 
71 and 35, respectively.  The dataset provided by Dr. Sina included 10 substances with low 2495 
In Vitro Irritancy Scores, contributing to the increased variability of this dataset.  However, 2496 
the range of %CV values for the five substances predicted as severe irritants (In Vitro Scores 2497 
>55.1) in this study is 1.1 to 13.   2498 
 2499 
Also described in the draft BCOP BRD is a quantitative assessment of intralaboratory data 2500 
(In Vitro Irritancy Scores) from two studies (Gettings et al. [1996]; Southee [1998]).  For the 2501 
Gettings et al. (1996) study, the between experiment (n=3) mean and median %CV values for 2502 
permeability values were 33.4 and 29.0, respectively, for 25 surfactant-based personal care 2503 
cleaning formulations.  For the Southee (1998) study, the between experiment %CV values 2504 
of In Vitro Irritancy Scores for the 16 substances tested two or more times in Laboratory 1, 2505 
Laboratory 2, and Laboratory 3 was less than 35%.  The mean %CV values for this study 2506 
ranged from 12.6 to 14.8 for the three laboratories, while the median %CV values ranged 2507 
from 6.7 to 12.4.  2508 
 2509 
These analyses of intralaboratory reliability were not affected by the information received 2510 
subsequent to the release of the draft BCOP BRD (November 1, 2004).  However, the 2511 
previous analysis also included an evaluation of interlaboratory reproducibility using both 2512 
qualitative and quantitative approaches.  While the quantitative analysis was unaffected by 2513 
the new information that was received, the qualitative analysis (correct classification as an 2514 
ocular corrosive/severe irritant or as a non-corrosive/nonsevere irritant) of the data provided 2515 
for multiple laboratories in three studies (Gautheron et al. [1994]; Balls et al. [1995]; Southee 2516 
[1998]) mandated that this analysis be repeated.  The results for this analysis are presented in 2517 
Tables III-7 to III-9.  The five participating laboratories for the Balls et al. (1995) study 2518 
were in 100% agreement in regard to the ocular irritancy classification for 40 (67%) of the 60 2519 
substances tested in vitro in the study.  In general, the extent of agreement between testing 2520 
laboratories was greatest for substances identified from in vivo rabbit eye data as corrosives 2521 
or severe irritants when compared to any other combination of in vivo and in vitro results 2522 
(76% to 86%, depending on the classification system used, of the accurately identified severe 2523 
substances were shown to have 100% classification agreement among testing laboratories).  2524 
For the study by Gautheron et al. (1994), there was 100% agreement in regard to the ocular 2525 
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irritancy classification for 35 to 36 (67% to 69%) of the 52 substances, which were tested in 2526 
either 11 or 12 laboratories.  Finally, for the study by Southee (1998), there was 100% 2527 
agreement in regard to the ocular irritancy classification for 15 (94%) of the 16 substances.  2528 
 2529 
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